 Abstract: Welding has been the essence of the joining processes in various industrial and domestic applications. Friction Stir Welding has emerged as a potential solid-state welding process and has been used to weld two dissimilar Aluminum alloys AA 5083 O and AA 6082 T651. Generation of an empirical model for prior prediction of tensile properties from four prominent factors of Friction Stir Welding has been done. Four factors selected are tool rotation speed, tool transverse speed, tool tilt angle and square-shaped pin size. Tensile properties have been optimized using multivariable optimization. The relative impact of various factors on the tensile properties has been analyzed. Friction Stir Welding has been performed based on Response Surface Methodology and the design matrix was generated using Central composite rotatable design which includes five levels with 31 runs. The efficacy of the empirical models has been tested with Analysis of Variance and models generated were found accurate to predict the responses up to 95%. The response surfaces and contour plots of the input and response variables were generated and analyzed. The confirmatory run for the optimum values was performed with a percentage error of less than 3 percent. This paper may be useful in various industrial applications and an enhanced understanding of Friction Stir Welding.
I. INTRODUCTION
Friction Stir Welding (FSW) has been one of the prominent solid-state welding technique used for welding aluminum and other materials since its invention in 1991 [1] . Friction Stir Welding is found more suitable than fusion welding techniques due to formation of equiaxed, fine-grained structure in the stir/nugget zone of the weld metal [2] . Welding of aluminum was restricted before the inception of FSW due to problems related to other fusion welding processes, like oxide formation, requirement of skilled labor and reduced strength due to the melting of the faying surface.
Friction Stir welded joints performance is influenced by specific process parameters. The systematic procedure may be followed to establish a dependency on mechanical properties on the values of these process parameters for the FS welded joints. Further, the tensile strength may be predicted for the given process parameters Revised Manuscript Received on January 15, 2020 * Correspondence Author Arun Gupta*, Mechanical Engineering, Delhi Institute of Tool Engineering, Delhi, India.
Dr. Vipin, Department of Mechanical Engineering, Delhi Technological University, Delhi, India. [3] .
Tool majorly constitutes two parts called shoulder and pin and may have various features and sizes. The FSW tool plays a major role in FSW joints performance. Tool pin geometry and size predominantly influence the mechanical properties of the Friction Stir welded joint. The relative size of a particular pin affects the performance of the FSW joints. The forecast of mechanical properties of FS welded joints may be useful in various industrial applications and augment FSW Technology. In this investigation, an integrated effect of variation of square pin size and other key process parameters of FSW on Mechanical properties of dissimilar aluminum alloys is analyzed in a systematic manner using Response Surface Methodology (RSM). Friction Stir welding is performed on heat treatable AA 6082 T651 and non-heat-treatable AA5083O using Central Composite Design (CCD) and the mechanical properties of the welded joints are used to generate the empirical models. An endeavor to quantify the accuracy of the models has been performed using analysis of variance (ANOVA). Also, the interdependency among the input parameters has been evaluated. Multivariable Numerical Optimization of the mechanical properties in terms of input parameters has been performed using RSM.
II. METHODOLOGY

A. Identification of process parameters
From the literature review following parameters related to FSW have been identified and tabulated in The pin size i.e. the diameter of pin in case of cylindrical pin and side of the square in case of a square pin is also a significant process parameter. In case of, pin size is too small it may not withstand the load during the friction stir welding. If pin size is too large it may not be able to consolidate the joint satisfactorily. The main focus of this investigation has been the integrated effect of tool pin size and other process parameters on the above mentioned mechanical properties.
B. Development of Design Matrix
The percentage composition of AA 5083 O and AA 6082 T651 (6.35mm thick plate) has been presented in Table- II. The limits of the independent parameters were selected based on literature review and pilot runs conducted in the lab ensuring defect-free Friction Stir Welded joints. The size of square pin length is selected in a manner such that the ratio of shoulder diameter to the square pin diagonal remains between 2.4 and 3.4 and accordingly square pin side has been decided. Response surface methodology is an effective mathematics and statistics based methodology used for multivariate optimization. Rotatable Central Composite is an effectual tool of response surface methodology for creating an empirical model with quadratic effect. Fig.1 
. Pictures of few FSW plates and FSW machine
In the present study, the design matrix has 2 4= 16 factorial runs, 2x4=8 axial runs with α = √4=2 and 7 center point runs. The factorial runs contribute to the assessment of interaction effects, axial points contribute towards estimation of quadratic terms in the model and center point runs give an estimate of error and also contribute towards assessment of quadratic terms [6] .
Process parameters
Material were machined and sized to 200mm X 40mm using bandsaw and shaper machine. Aluminum plates were properly cleaned with Acetone to remove oil and dirt prior to the friction stir welding. The plates were positioned and clamped hydraulically in fixture of customized Friction stir welding machine presented in Fig. 1 (b) procured from R V Machine Tools. The plates of AA 6082 T651 being harder than the plates of AA5083 O were placed on the advancing side during the FSW [7] . The plates were friction stir welded perpendicular to the rolling direction in butt joint arrangement of size 200X80 mm to form the joint. H13 (Tool Steel) made tool with a square-shaped pin was used to consolidate the joint. Since the pin size is one of the process parameter, tools with 5 pins were machined from 30 mm diameter rod using lathe and CNC vertical milling machine. The tool shoulder was sized to 20mm diameter and subsequently hardened. Friction stir welding was performed (few welded specimens shown in Fig.1 (a) in random sequence to ensure balance in the effects of uncontrollable factors. The tensile sub specimens of gauge length 25 mm presented in Fig. 2 were prepared from the welded joints as per ASTM B557 standards using wire EDM machine. The specimens were sliced perpendicular to the FS welding direction. The tensile test was performed on a servo based Universal testing machine available at Delhi Technological University at a strain rate of 2.5 mm/min at room temperature. The output parameters have been tabulated corresponding to the design matrix in Table- IV.
III. ANALYSIS OF RESULTS
A. Development of Empirical Relationship
Response surface methodology (RSM) is a technique used for mapping the desired responses and input parameters of our interest so that the responses may be predicted for a particular input. Despite, RSM is used to approximate the optimum value of response for a particular model [6] . In present investigation desired responses i.e. Ultimate tensile strength (UTS), Yield Strength (YS) & Percentage Elongation (PE) and independent parameters i.e. R, W, T & S may be functionally mapped as in equation (1), (2) and (3):
The generalized second-order equation representing the response surface Y is given by equation (4).
The term e r the residual error is the measure of summation of pure error and lack of fit error. For present investigation, UTS or YS or EL regression equation has been given in equation (5) . 
B. Competency of the Empirical Relationship
The competence of the developed empirical model has been evaluated by Analysis of Variance (ANOVA) from details presented in Table- V. The adequacy of a model may be ensured by 1) significant model 2) non-significant of lack of fit and 3) high value of "R square" and 4) "R square adjusted". The developed model is significant as its F-Value is less than the tabulated value at 95% confidence level. The lack of fit for the developed model is found to be non-significant as F value for lack of fit is more than that of tabulated value. The F value of lack of fit is 2.66 and corresponding P-value 0.1216 signifies that there is only 12.16 percent probability that lack of fit of F value 2.66 may happen due to noise. "R square" value for the empirical model specified by equation 1 is 0.9640 indicating that the remaining 3.6% of the variation in predicted UTS value could not be explained by variation in independent variables. "Adjusted R square" value for equation 1 is 0.9324 is obtained by making adjustments in "R-square" value to accommodate the increase in the latter due to less valuable multiple independent variables. Predicted R square value is 0.86, 0.91 and 0.72 for UTS, YS and EL respectively and its difference from corresponding Adjusted R square value is less than 0.2. Adequate precision indicating signal to noise ratio is 24.34, 26.61and 14.27 for UTS, YS and EL and since all ratios are more than 4.0 they the respective empirical models are appropriate to navigate the design space.
C. Interpretation of results
The regression coefficient presented in Table- VI signifies the estimated change in response per unit variation in input factor maintaining all other factors constant. An analysis of regression coefficients has been performed and has been elucidated subsequently. The relative effect of the tool tilt angle among all main effects has been the most prominent for response UTS. The relative effect of Tool rotation speed is among all main effects that have been more in response YS. The negative value of the respective regression coefficient indicates that increasing the tool rotation speed shall decrease the response YS. Tool rotation speed again emerges to be the most significant for the main effect in response EL. Welding speed and tool tilt angle interaction effect is the most significant for UTS, YS, and EL. The interaction effect of tool tilt angle and pin size is the second most significant for UTS, YS, and EL. Tool rotation speed has been the most effective in the estimation of quadratic effects on UTS. Tool pin size S was found to be the second most prominent in the estimation of quadratic effects on UTS. Analyzing the quadratic effects of the tool pin size revealed its prominence on YS and EL. 
D. Analysis of Response Surface and Contour Plot
Response surface and contour plots serve the following purposes: 1) to signify the interaction/independence of the factors 2) to manifest the stationary point /saddle points and 3) to indicate an optimum value of desired response with sufficient accuracy. Response plots and contour plots have been presented in Fig. 6, Fig. 7 and Fig. 8 The response surface presented in Fig. 6 signifies the plots of independent factors S & R, S & W and S & T with UTS as response and other two independent factors kept at center point in each graph respectively. Red dotes indicate the design points in the plots. In a similar manner Fig. 7 and Fig.  8 represent the response surface plots for YS and EL as output respectively while other parameters are kept the same as mentioned above. The response surface presented in Fig Fig. 8 (a) exhibits that EL is more vulnerable to change in case of variation in rotation speed (R) than variation in pin size S, keeping Welding speed and Tilt angle at 65 mm/min and one degree respectively. Further contour plot in Fig. 8 (b) shows the high sensitivity of Change in EL to variation in welding speed than variation in pin size while keeping rotation speed and tool tilt angle constant at 800 rpm and one-degree angle respectively in design space. Contour plots manifested in Fig. 8 shows 
IV. OPTIMIZATION
The most important purpose of Response surface Methodology is to find the values of the factors to maximize the response values. In this investigation, multivariate optimization has been performed using numerical methods. In multivariate optimization, the simultaneous maximization of all the responses has been performed and the following values have been evaluated and presented in Table- MPa, and EL=23 percent. In the optimization process, the desirability=0.877 has been evaluated. The confirmatory run for the optimum values was performed with a percentage error of less than 3 percent.
V. RESULTS AND DISCUSSION
1. The prominent essence of this paper is to explore the collective contribution of tool rotation speed, tool transverse speed, tool tilt angle and square-shaped pin size of Friction Stir welding of 5083O and 6082 T651 on the estimate of ultimate tensile stress, yield stress, and percentage elongation. 2. Different parametric relationships of quadratic nature have been established for the prediction of various responses using Response surface methodology with sufficient accuracy of 95 % confidence level. The efficacy of the relationships generated has been analyzed by Analysis of Variance (ANOVA). 3. Tool tilt angle has Maximum main effect on the estimation of ultimate tensile stress, whereas tool rotation speed is a relatively most effective parameter in estimation of yield stress and elongation in selected design space. Welding speed and tool tilt angle interaction effect is the most significant for UTS, YS, and EL. Tool tilt angle and pin size interaction effect are the second most significant for UTS, YS, and EL. Square pin size has been the most prominent factor for quadratic effects in the estimation of UTS and YS. 4. Multivariable optimization reveals the maximum values of ultimate tensile stress, yield stress and elongation to 224.7 MPa, 200.2 MPa, and 23 percent respectively. Response surface and contour plots have been analyzed for seeking interactions and optimum response values.
VI. CONCLUSION
Pin size of square pin has an impact on the mechanical properties of Friction Stir Welded joints. It may be concluded that pin size of 5.8 mm side give maximum ultimate tensile stress, yield stress and percentage elongation with other input parameters at certain value. The interaction effect between square pin size with other parameters is also observed. However, a wider range of input factors may be explored with superior capacity machines and may reveal the results that may be utilized as standardized data for industrial applications.
